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ABSTRACT 


Lung cancer accounts for most of the excessive cancer mortality reported for Louisiana 
residents. A case-control study involving interviews with 1333 lung cancer patients and 1393 
comparison subjects recently has been conducted. All newly diagnosed cases from all 
southern Louisiana hospitals as well as those from Alexandria and Shreveport hospitals were 
idcntihed. Questions were asked about residential history, occupation, diet, smoking and 
drinking habits, source of drinking water, ancestry, income, education, and previous 
medical history. Preliminary results, including attributable risks for the main causative fac¬ 
tors, are presented. 

Words: Forestry, oil/gas extraction, sugar cane, chemical manufacture, petro¬ 
chemical manufacture, metal processine. shipbuilding, motor freight handling, wood 
dust, mineral oil, smoking, drinking water, fruit intake, vegetable intake, fishing, 
transportation industry 

South Louisiana has the dubious distinction of displaying some of the highest 
lung cancer rates in the country. Higher than average rates have been reported for 
approximately 50 years. Table 1 shows data for three time periods. In 1930-1932 
Louisiana lung cancer death rates in males were higher than those for the United 
States. More recent data show that the excess has persisted. Rates in black males 
have surpassed those of white males. (1, 2), 
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Table 1* Lung cancer death races in three time periods*" 


Pcriod/Populatlon^ 

Louisiama 

United States 

1930-1932 



(adjusted to 1930 United States population) 



WM 

4.0 

3.1 

WF 

1.6 

1.8 

BM 

1.9 

1.4 

BF 

0.5 

0.8 

1950-1967 



(adjusted to i960 United States population) 



WM 

19.3 

16.3 

WF 

1.8 

2.2 

BM 

14.4 

16.3 

BF 

1.5 

2.2 

1975-1977 



(adjusted to 1970 United States population) 



WM 

31.3 

66.2 

WF 

18.9 

16.6 

BM 

82.1 

77.2 

BF 

16.6 

15.8 


^Because of difference* in population adjustment, rates can be compared only to each other within each time period. 
Abbreviations: WM, white maies; WF, white femaies^ BM, Wack males; BF, biack femaJes. 


This type of clustering of cancer in the deltas of big rivers has been observed 
before, and hypotheses to explain its causes have abounded, mostly based on anec¬ 
dotal thinking. A good example is provided by the conclusion reached by Alfred 
Havdand In 1875 after studying the geographic distribution of cancer in England (3): 
So, in cancer, the maps teach us that the high, dry sites on the older rocks are 
the places where cancer does not thrive, and that it docs thrive in the vales by 
the sides of large rivers which overflow their banks, and in the neighbourhood 
of which are to be found the drifts of ages of washings from the inhabited coun¬ 
try above. Where there is a tendency to cancer, let the patient be removed to the 
high, dry sites; and perchance if whole families were thus to emigrate, we 
should not hear so much of the hereditary character of this or of many other 
diseases. 

Tcday, rr.o’-e th?n a cr^t-nr^.- fafer. we still do not know whether the high fre¬ 
quency of cancer in the valleys near big rivers is due to river pollution as suggested 
by Haviland, to industrial occupational hazards, or to the lifestyle adopted by the 
inhabitants of those lands. 

In an attempt to apply scientific methodology to study this problem, the Na¬ 
tional Cancer Institute and Louisiana State University have conducted a col¬ 
laborative case-control study of lung cancer in South Louisiana. The same 
methodology has been applied in a smaller study in the north of the state, where 
cancer rates arc lower, under the sponsorship of the Louisiana Chapter of the 
American Cancer Society. Preliminary results of these studies are reported here. 
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Materials and Methods 

Current primary lung cancer cases were identified from admission diagnosis and 
pathology records of all participating hospitals in 29 Louisiana parishes (counties) 
including all southern ptirishes plus one central (Rapides) and two northern 
parishes (Caddo and Bossier). All major hospitals in the study area participated ex¬ 
cept in the city of New Orleans where, for logistic reasons, interviewing was limited 
to two large hospitals serving the medically uninsured population and two large 
private hospitals. A control was randomly selected from patients attending the same 
hospital and matched to the case by race, sex, and age (within 5 years). Patients 
whose main diagnosis was emphysema, chronic bronchitis, chronic obstructive 
pulmonary disease, or cancer of the larynx, oral cavity, esophagus, or bladder were 
excluded from the control selection procedures. The admission diagnoses of the 
controls were distributed in the following categories; cardiovascular, 15.3%; 
gastrointestinal, 13%; musculoskeletal, 10%; genitourinary, 7.3%; ophthal¬ 
mology and otorhinolaryngology, 6.6%; other tumors, 5%; diabetes, 5%; trauma 
3,7%; peripheral vascular, 3.7%; piUmonary, 2.7%; cerebrovascular, 2.5%; in¬ 
fections, 2%. 

Local professional interviewers, trained for this study and thoroughly familiar 
with the local culture, carried out personal interviews with the subjects (76% of the 
cases and 89% of the controls) or their next of kin. The questions covered occupa¬ 
tion, residency, diet, smoking and drinking habits, health, water supply, and other 
related items. Histologic confirmation was obtained for 97% of the cases. Table 2 
shows the number of acceptable completed interviews by sex, race, and location. 
An additional 34 cases of bronchioalveolar carcinoma were Interviewed but are not 
included in the analysis. 

Odds ratios were based on the products of the diagonals in 2 x 2 tables. Ad¬ 
justments for smoking characteristics made by the direct method. 


Tables. Number of interviews* 



Cases 

Controls 

South Louisiana* 



WM 

641 

665 

VVF 

.!tJl 


BM 

304 

317 

BF 

73 

75 

OUUlUliti 


1 .1 f 

North Louisiana* 



VVM 

62 

62 

V.T 

t n 

jn 

BM 

29 

29 

BF 

9 

9 

Subtotal 

119 

119 

Total 

1338 

1393 
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Results 

Smoking 

Tables 3 and 4 show the odds ratio for each smoking category. The increase in 
risk with increasing amounts of cigarette use is evident in all sex-race groups. The 
results show the same general pattern observed in other studies, but the excess risk 
for each category of smoking when compared to that for nonsmokers is greater in 
Louisiana than in most other studies. The number of black females is admittedly 
small, and the results for them are unreliable. 

Of the white male lung cancer patients, 97 . 7 % were smokers. The correspond¬ 
ing figures for other race-sex groups were: black males, 97.6%; white females, 
88%; and black females, 94%, Overall, fewer than 3% of males and about 10% of 
female lung cancer patients were nonsmokers. 

Table 3. Odds ratios for lung cancer in Louisiana by pack-years of cigarettes smoked 




Odds ratio* 



Pack-years 

WM 

WF 

BM 

BF 

0 

1.0 

1.0 

1.0 

1.0 

1-20 

3.6 

1.5 

4.0 

13.3 

2i-40 

9.5 

7.7 

14.6 

19.5 

41 + 

24.5 

26.2 

18.2 

52.8 

Total 

17.2 

8.6 

13.1 

22.0 

* Abbreviation* as in Tabic 1. 





Table 4. Odds ratios for 

lung cancer in 

Louisiana by smoking characteristisdes" 


Odds 


Nonsmokers 

1.0 

Filter* 

8.4 

NonfiUer* 

15.2 

Age started* 


<16 

24.2 

16-20 

17.4 

21 + 

8.3 

! Current smoker 

12.6 

r\..u 

■ 

3-5 years 

7.7 

6-20 

7.0 

20+ 

3.9 

Inhale 


None 

4.6 

Mouth 

6.3 

i Chest 

11.3 

j. *Adjtisled for sex and age. 
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77 



Odds ratio 



1 

Category (pack-years) High SC 

Low SC 




Nonsmokers 

1.0 

0.90 


S20 

2.79 

4-. 28 


21-50 

9.44- 

11.84 


51 + 

19.52 

17.68 

— 


Increasing risks are seen for nonfilter versus filter cigarettes; earlier versus later 
starting age; nonquitters versus quitters, and deep versus light inhalation. The data 
for socioeconomic class suggest higher risks in the lower socioeconomic classes for 
light and moderate smokers but not for heavy smokers (Table 5), These results 
leave no doubt that smoking is the undisputed, overwhelming major cause of lung 
cancer in Louisiana. 


Occupation 

Odds ratios were calculated for all “ever employed” in occupation categories 
represented in our sample. Table 6 lists the results for occupations with elevated 
risks or occupations for which previous studies have suggested a positive associa¬ 
tion with lung cancer. Results are given for white males only because of small 
numbers and absence of positive associations for white females and blacks of both 
sexes. Only workers in the “forestry” category exhibited a significantly elevated 
risk; most of them were sawmill workers. After adjusting for smoking history, our 
study failed to detect any positive association with some Louisiana occupations 
previously suspected as playing a role in lung cancer causation, such as sugarcane 
farming, oil and gas extraction, construction, chemical manufacturing and proc¬ 
essing, petrochemical manufacturing and processing, metal processing, and ship¬ 
building. 

To enhance the possibility of detecting occupational effects that might not be un¬ 
covered by the summary classification of unusual occupations, we identified cases 
and controls who had worked in suspect occupations for 10 or more years and comr. 
pared them with a selected group of cases and controls whose occupations sug¬ 
gested low exposure to carcinogens in the workplace (hunting and trapping, 

Table 6. Odds ratio* for pertinent occupations, white males 


Occupation 


Forestry 

Petroleum refining 

Printing 

Fishing 


Unadjusted 


Adjusted for smoking 
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transportation and public utilities, wholesale and retail trade, finance, services, 
public administration). Included in this category were: professionals, technical, 
managerial, clerical, sales, amusement, recreation, and motion pictures. This 
group also excluded subjects who reported suspect e.xposures while employed in 
gasoline service stations, laundry and dry cleaning businesses, electrical ttnd elec¬ 
tronic engineering, chemistry, and agricultural sciences, or as farm advisers, com¬ 
mercial artists, and painters. Even after this effort to maximize the case-control 
contrasts of occupations, only forestry and lumber manufacturing gave positive 
significant associations after adjustments were made for smoking. Suggestive, but 
not statistically significant associations were noted for construction, petroleum 
processing, transportation, and motor freight handling. 


Table 8. Odds rat 


Plant 

Any plant 
Lumber 

Petroleum refining 
Chemical plant 


Resided two or more n 
Significant at 0.05 le^•e 


Occupational Exposures to Suspect Materials 

A list of 46 suspect materials was covered by specific questions in the interview. 
Table 7 shows the exposures with positive or borderline findings. After adjustments 
are made for smoking, only wood dust and mineral oU mist carry a significant 
excess risk. Known lung carcinogens such as asbestos, nickel, and chromium, 
display elevated but not statistically significant risks in our series. 

Living Near industrial Plants 

Table 8 reports the results of our inquiry concerning proximity of residence to an 
industrial plant. Of the many types of plants mentioned, lumber mills and 
petroleum refineries showed a significantly elevated relative risk. 


Table 9. Odds ra 


White males 
White females 
Black males 
Black females 
Ail subjects 

^Persons bom and resii 


Drinking Water Source 

Table 9 shows odds ratios for lung cancer by source of drinking water. Risks for 
persons born and currently living in locations served by surface water (S-S) did not 
deviate significantly from those born and currently living in locations served by 
ground water (G-G) (17). 

Table 7. Odds ratio’ for occupational exposures, white males 




Odds Ratio 

Material 

Unadjusted 

Adjusted for smoking 

Wood dust 

1.44'^ 

1.40*’ 

Mineral oil mist 

2 . 10 ’’ 

2.13*’ 


I 

1 'in 

Mustard gas 

1.44 

2.38 

Nickel 

1.44 

1.89 

Chromium 

2.28 

2.40 

Cotton 

1.42 

1.70 

Coal dust 

2.02*’ 

1.47 

Lead 

1.53 

1.50 


ro I 
O ' 
0 ^ 

Cd 

O' 

CO 
O ' 
CO 

•o ‘ 
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Table 8. Odds raiio” of lung cancer for subjects less than 2 miles from industrial plants 


Plant 


Odds ratio 

Unadjusted 

Adjusted for sex. 
racc> and smoking history 

Any plant 

1.17 

1.28'’ 

Lumber 

4.25*’ 

3.60*’ 

Petroleum refining 

1.21 

1.47*’ 

Chemical plant 

0,86 

0.90 

^Resided two or more miles away - unit risk. 


Signiftcant at 0.05 level. 



Tables. Odds ratios of lung 

cancer by drinking water 

source (S-S vs G-G)® 



Odds 



ratio 

White males 


0.99 

White females 


1.25 

Black males 


0.89 

Black females 


2,13 

All subjects 


1.02 


Persons bom and residing m areas served by ground water supplies (G'G) - unit risk. 


Nutrition 

Detailed information was collected for 74 diet items. The intake of fresh fruits 
and vegetables was negatively associated with lung cancer risk. The foods that 
discriminated best between cases and controls were broccoli, lettuce, carrots, 
bananas, oranges, and fntit juice. To assess possible dose-response effects we 
created a composite index of fruit and vegetable consumption. For the 18 items in 
this category, intake was rated as low (<25 percentile), medium (25-74 
percentile), or high (75 + percentile) based on the frequency distribution of con¬ 
sumption for individual foods. Values for 2, 5, and 9 were assigned for low, 
medium, and high exposure for each item. 

Some results of this analysis are shown in Table 10. A clear enhancement of risk 
by low intake of fresh fruits and vegetables is seen, independent of cigarette smok¬ 
ing. The numbers of cases for some of the exposure combinations in the table are 
"mcdl CLT.d. Itmttc unifv Tn^DP'rf’ion of this 

however, suggests that insufficient intake of fruits and vegetables increases lung 
cancer risk in light and moderate smokers. When the same kind of tabulation is 
restricted to the six items chat seem to have a more pronounced effect as shovvn in 
Table 11 (lettuce, broccoli, carrots, bantinas, oranges, and fruit juices) the effect is 
seen in all smoking categories. This suggests that the protective effect of fresh fruits 
and vegetables may be restricted to specific items. Further research is needed to 
clarify this point. 
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Table 10. Odds ratios for lung cancer in white males of Louisiana by pack-years of 
cigarettes smoked and levels of consumption of fresh fruits and vegetables (18 items) 


AU fresh fruits 
and vegetables 




Pack-years of cigarettes 


0 


1-20 

21-40 

41i- 

Crude 

Adjusted for 
smoking 

High 

1.0 


2.3 

7.4 

28.0 

1.0 

1.0 

Medium 

0.8 


4.0 

12.0 

27.3 

1.2 

1.1 

Low 

1.9 


6.5 

11.4 

31.9 

1.6 

1.3 

Crude 

1.0 


3.8 

9.9 

26.8 



Adjusted for 

I.O 


3.6 

9.7 

26.6 



vegetables 








Tabic 11. Odds 

ratios for lung cancer 

in white males of Louisiana by pack-years of 

cigarettes smoked and 

levels 

of consumption of lettuce, broccoli, carrots, bananas. 

oran^s, and fruit juices 











Pack- 

years of cigarettes 









Adjusted for 

Fruits and vegetables 

0 

1-20 

21-40 

41+ 

Crude 

pack-years 

High 


1.0 

3.1 

12.2 

28.5 

1.0 

I.O 

Medium 


1.5 

5.8 

15.6 

36.6 

1.5 

1.3 

Low 


2.6 

9.4 

17.2 

52.0 

2.3 

1.8 

Crude 


1.0 

3.7 

9.4 

27.5 



Adjusted for 


1.0 

3.5 

9.7 

24.2 



vegetables 









Discussion 

Alton Ochsncr, to whom this volume is dedicated, correctly identified the 
beginning of the epidemic of lung cancer in Louisiana (4). His abundant clinical 
practice convinced him that cigarette smoking was the main reason for the 
epidemic. The high mortality rate for Louisiana was pinpointed by the National 
Cancer Institute (5) and specifically localized to the southern part of the state by the 
county maps (6). In 1975 Blot and Fraumeni (7) studied the correlation between 
industry and clusters of high lung cancer risk counties in Louisiana and other states 
and reported excessive rates for males in counties where paper, chemical, 
petroleum, and transportation industries were located. In 1977 DeRouen and 
Oipm mrrplntprl nnrTch-cn^^n'fir Inpp" rnneer rntes with Hrinkintr water 'joiirce infor¬ 
mation and reported a positive association between surface water and lung cancer 
rates limited to non white males (8). After studying similar correlations for tumors 
of other organs, the authors dismissed the observation as nonspecific. Voors and 
co-workers did multiple regression analysis of lung cancer and environmental 
parameters and, in 1978 reported an association between lung cancer and resi¬ 
dency in the wetlands, especially marked for South Louisiana (9). The relationship 
between lung cancer and nutrition has been explored by Lopez and his associates 
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who, in 1979 and 1980, reported a negative correlation bet'veen lung cancer and 
/3'carotcne intake (10,11). Death certificates have been used extensively by Gottlieb 
cUid her colleagues (12-16). These studies have revealed an excess risk associated 
with shipbuilding, fishing, and oil-related industries. Acadian ancestry was 
associated with higher rates in older patients. These studies also revealed an 
association between surface water and lung cancer in nonwhite males only, as 
previously reported by DeRouen and Diem. This was again interpreted as artifac- 
tual, especially because the confounding effects of smoking and other environmen¬ 
tal factors cannot be controlled in death certificate-based studies. Death certificate 
studies have been combined with next of kin interviews by Rothschild (17-19) and 
co-workers, who reported increased risks of lung cancer and mesothelioma in 
workers in the sugarcane industry. The same team described a continued rise in 
lung cancer rates in South Louisiana after the first report by Mason and McKay, 
later confirmed by Blot and Fraumeni (20). A study of histologic types by 
Rothschild and co-workers concluded that the distribution of histologic types was 
similar in low- and high-risk areas of Louisiana (19). Their findings are consistent 
with recent trends of decline in the proportion of squamous cell carcinoma and in¬ 
crease in the relative frequency of adenocarcinoma and small-cell carcinoma. 

In terms of the magnitude of risks and the proportion of the population exposed 
to the risk factors cigarette smoking overshadows all other factors—occupation, air 
pollution, nutrition—considered in this report. The data in hand suggest that as 
much as 90% of all lung cancer cases in Louisiana are attributable to cigarette 
smoking. The second most important factor appears to be nutrition, which may be 
responsible for approximately 30% increase in the relative risk. 

Our data in no way exonerate other factors as agents responsible for lung cancer 
deaths. One limitation of our study, shared by most studies available today, is that 
our controls are patients attending the hospital for other diseases. Both cases and 
controls arc therefore “sick people” and no comparison to normal “healthy” sub¬ 
jects is made; this may obscure some of the etiologic associations. Some of the 
occupations and exposures listed in Tables 6 and 7, although not statistically 
significant, probably represent etiologic factors in lung cancer. Because some of 
them are avoidable by sound industrial hygiene practices, possible preventive pro¬ 
grams should be designed and implemented. What our study indicates is that they 
arc not responsible for a sizable proportion of the risk. 

If prevention of the disease is contemplated, the strongest effort should be 
directed toward prevention of smoking. The second most important factor is nutri¬ 
tion, and more research is needed to evaluate the possible effects of improving the 
Hietarv intake nf fresh fruits and veeetables. 
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